Biomass and generic diversity of heterotrophic protists (protozoa) were studied in the near-bottom zone at five stations located in the inner Gulf of Gdańsk and in offshore waters during June 2002. The highest protozoan biomass was observed in the inner Gulf of Gdańsk and close to the mouth of the Vistula River. Protozoan biomass decreased offshore. In welloxygenated waters heterotrophic flagellates constituted 39-51%, of the protozoan biomass, ciliates constituted 18-25%, and heterotrophic dinoflagellates 29-39% of the protozoan biomass. These findings confirmed previous studies that showed that a high abundance of heterotrophic dinoflagellates is a distinct feature of the Gulf of Gdańsk. At one station located in the Gdańsk Deep, where the near-bottom zone was anoxic, the contribution of heterotrophic flagellates decreased to 18% and ciliates' share increased to 82% of the protozoan biomass. No dinoflagellates were observed in the anoxic zone. 
INTRODUCTION
The role of heterotrophic protists (hereafter referred to as protozoa) as consumers of bacteria and algae in aquatic environments is well recognised (Azam et al. 1983 , Sherr & Sherr 1988 , Kirchman & Williams 2000 . In aquatic environments the highest abundances of these organisms are observed close to the surface where primary production reaches maximal intensity. They graze on bacteria and other protists. Below the euphotic zone protozoan abundance decreases, but rises again just above the bottom (Beers & Stewart 1969) . In the near bottom zone protozoa graze on sedimenting organisms, detritus particles, and on bacteria that utilize accumulated organic matter (e.g. Witek 1995) . Typically, some predacious forms are observed among them. The composition of protozoan communities in the near-bottom zone is shaped by food availability, oxygen conditions (Dolan & Coats 1991 , Fenchel et al. 1990 , and proximity to the bottom. Biomass of protozoa in the near-bottom zone might equal or even exceed their biomass in the euphotic zone (Setälä 1991) .
Generally, protozoan communities in the Baltic Sea are well studied, especially in the surface waters. An intensive study of the whole ecosystem of the Gdańsk Basin done in 1987 (Mackiewicz 1991 , Bralewska & Witek 1995 , Witek 1995 , Witek 1998 indicated that heterotrophic dinoflagellates seemed to be of crucial significance within the protozoan community. However, the aforementioned studies comprised one year only and concentrated on surface waters.
The aim of this study was to characterise protozoan communities in the near-bottom zone at several locations within the Gdańsk Basin. Stations differed in their location (open sea, inner waters, vicinity of the river mouth), depth, and oxygen conditions. All three of the most important protozoan groups were analysed (heterotrophic flagellates, dinoflagellates and ciliates). Research was conducted in June after the formation of anoxia in the Gdańsk Deep.
MATERIALS AND METHODS
Research was carried out during a cruise on the r/v "Baltica" between the 18 th and 26 th of June 2002 at five locations in different parts of the Gdańsk Basin (Baltic Sea, Fig. 1.) . Samples were taken at 3 discrete levels within a 10-m near-bottom layer. One exception was made at station P63 where this layer was 13-m thick with 4 discrete sampling levels. Water was collected with Niskin bottles and samples were immediately fixed with acid Lugol's solution (end concentration: 0.5%), Lugol's solution/buffered formalin/sodium thiosulfate (added one after the other, as per Sherr & Sherr 1993) , and glutaraldehyde (end concentration: 0.5%). Altogether 48 samples were taken. Samples were stored in darkness at 4°C with the exception of those fixed with glutaraldehyde, which were instantly concentrated on polycarbonate filters, stained with primulin (Caron 1983) , and frozen to be analysed within two weeks. Simultaneously with sampling, vertical profiles of salinity, temperature, and oxygen concentrations were measured.
Flagellates were divided into two fractions. Smaller ones (1-8 µm) were observed under an epifluorescence microscope (magnification: 1000×, Caron 1983). Two parallel filters were analysed. Only heterotrophic forms (without chlorophyll) were counted. Flagellates 1-8 µm in size were not identified taxonomically. Larger flagellates (8-20 µm) were analysed under an inverted microscope (magnification: 400×, Utermöhl 1931) in samples fixed with Lugol's solution. Heterotrophic organisms were identified according to Thomsen (1992) . To calculate biomass of the flagellates, their shapes were compared with solid figures and biovolume was converted into carbon units with use of the following factors: 220 fgC µm -3 (Børsheim & Bratbak 1987) for flagellates sized 1-8 µm and 110 fgC µm -3 for larger (8-20 µm) ones (Edler 1979) .
Heterotrophic dinoflagellates and Ebria tripartita were observed in samples fixed with Lugol's solution. Taxonomically-identified organisms were classified as heterotrophs on the basis of literature (Thomsen 1992 , Bralewska & Witek 1995 . Unidentified forms were observed under an epifluorescence microscope (under blue light excitation) in parallel samples preserved with Lugol's solution and formalin, and subsequently discoloured with thiosulphate (Sherr & Sherr 1993) . Cells without autofluorescence of chlorophyll were treated as heterotrophic organisms. Biovolume of thecate and naked dinoflagellates were converted into carbon with the following factors: 130 fgC µm -3 for thecate dinoflagellates and 110 fgC µm -3 for naked ones (Edler 1979) . The author used these long-established biomass conversion factors to facilitate comparisons with previous studies.
As with larger flagellates and dinoflagellates, species composition, abundance, and biomass of ciliates were analysed in samples fixed with acid Lugol's solution after sedimentation in the Utermöhl chamber. Identification was carried out according to the web-based guide (Strüder-Kypke & Montagnes 2002), and also guides by Foissner & Berger (1996) and Marshall (1969) . Mesodinium rubrum was not taken into account; its distribution was described elsewhere (Rychert 2004) . Ciliate biovolume was converted into carbon units with a factor of 110 fgC µm -3 (Edler 1979) . The author decided to use a conversion factor of 110 fgC µm -3 instead of 190 fgC µm -3 for ciliates as proposed by Putt & Stoecker (1989) for the same reasons as Setälä & Kivi (2003) : because of low salinity of the Baltic Sea, and to render the study comparable to previous investigations. In the case of loricated ciliates their carbon content, CC (pgC), was estimated with following equation (Verity & Langdon 1984 ):
where V is volume of lorica (µm 3 ). When abundances of observed organisms were low, 100 or 200 cm 3 of water was analysed to obtain a considerable number of specimens.
RESULTS
The Baltic Sea is a brakish water body with permanent vertical salinity stratification. Sampling depths at stations P63, G2, and P110 (Fig 1.) were within or below halocline -which was located between the depths of 70 and 80 m. At shallow stations (E52A and E64) no salinity stratification was encountered. Halocline reduces reaeration, but oxygen depletion was only encountered in the nearbottom zone at station G2 (0.0-0.9 cm 3 O2 dm -3 ). Water in the near-bottom zone at other stations contained at least 2.6 cm 3 O2 dm -3 , i.e. more than 2 cm 3 O2 dm -3 , the point at which the growth of typical aerobic ciliates is restricted (Dolan & Coates 1991) . At shallow stations E52A and E64, the sampled nearbottom zone was located below (E52A) or within the thermocline layer (E64).
Mean biomasses of protozoan communities observed in the near-bottom zone are displayed in Fig. 2 . At deep sites located offshore (P63, G2, and P110) mean biomass in the near-bottom zone ranged from 4.7 to 6.1 µgC dm -3 . It should be noted that at G2, where oxygen depletion in the near-bottom zone was observed, protozoan biomass was no lower than at adjacent stations. Near the mouth of the Vistula River (E52A) mean biomass was higher (17.7 µgC dm -3 ) as in the case in the inner Gulf of Gdańsk (E64) where it was 22.3 µgC dm -3 . Analysis of protozoan communities (Fig. 2.) revealed that in well-oxygenated waters heterotrophic flagellates constituted 39-51%, heterotrophic dinoflagellates 29-39%, and ciliates 18-25% of protozoan biomass. This means that their contributions to biomass were quite stable from station to station. Composition of the protozoan biomass was different in the nearbottom zone at oxygen-depleted station G2, where the protozoan community was dominated by ciliates (82% of biomass). At that station heterotrophic flagellates accounted for only 18% of the total biomass whereas dinoflagellates were not observed. At four stations studied (excluding E52A) low variability and no clear trend in vertical changes in protozoan biomass were observed. Therefore mean biomasses are presented in Fig. 2 . At station E52A a significant decrease in protozoan biomass with depth was observed; from 26.5 µgC dm -3 at 15 m to 12.3 µgC dm -3 at 25 m.
At stations where the near-bottom zone was welloxygenated, the community of heterotrophic flagellates was dominated by small organisms (1-8 µm) constituting from 93% to nearly 100% of the overall biomass of heterotrophic nanoflagellates. Because of the method applied, these small organisms were not taxonomically identified. Larger flagellates (8-20 µm) were of lesser importance (up to 7% of biomass). Among them the most frequent were Kathablepharis remigera Clay and Kugrens 1999 and Telonema sp. The fraction of larger organisms (8-20 µm) was the highest in the inner Gulf of Gdańsk (station E64). In the oxygen-deficient, near-bottom zone of station G2, smaller flagellates (1-8 µm) accounted for 77% of the overall flagellate biomass. Among them diplomonads were recorded (e.g. Hexamita sp.).
As previously mentioned, heterotrophic dinoflagellates were observed in the near-bottom zone at 4 out of 5 stations studied (with the exception of anoxic G2). Their communities were quite similar. The majority of the biomass consisted of small (< 15 µm) gymnodinoids and gyrodinoids. A distinct ciliate assemblage was described in the anoxic (< 0.1 cm 3 O2 dm -3 ) near-bottom zone at station G2. Taking abundance into account, it was dominated by Metacystis truncata Cohn 1866, the importance of which increased with depth (it increased with a decrease in oxygen content). However, most of the biomass was composed of large Prorodon-like ciliates, karyorelictids, and hypotrichs. Less important were microaerophilic scuticociliates, Paramecium sp., Coleps sp., Metacystis elongata (Kahl 1928) , and anaerobic ciliates like Metopus sp., Lacrymaria elegans Engelmann 1862 and Caenomorpha sp.
Jaccard's similarity index was used to compare the taxonomic composition (generic diversity) of protozoan communities. Analysis revealed (Fig. 3. ) a high similarity (69%) between communities observed at coastal locations (stations E52A and E64). Protozoan communities at deep stations P63 (open sea) and P110 also resembled each other (59%). All four aforementioned stations differed greatly from the anaerobic community encountered at station G2 (Gdańsk Deep, average similarity: 21%).
DISCUSSION
Research encompassed three major ecological groups of heterotrophic protists (protozoa): flagellates, dinoflagellates, and ciliates. The fourth group, amoebae, was not counted in this work. Their role in marine pelagial is considered to be marginal (e.g. Caron & Swanberg 1990) . However, other authors emphasized their occurrence on organic particles that are especially abundant in estuaries (Rogerson & Laybourn-Parry 1992 , Sherr & Sherr 2002 , Rogerson et al. 2003 . Theoretically, amoebae could be of some importance near the mouth of the Vistula River. They have not yet been studied in the Gdańsk Basin.
Overall, protozoan biomass encountered in the near-bottom zone corresponds well to those previously reported in the Gdańsk Basin. The elevated biomass of protozoa that was observed near the mouth of the Vistula River and in the coastal zone was typical (e.g. Boikova 1984 , Arndt 1991 . Data for stations E64 and E52A could be compared to the coastal zone of the Gulf of Gdańsk. Unpublished author's observations indicated that at the end of June and beginning of July protozoan biomass in the coastal, well-mixed water column (depth approx. 7 m) in the Gulf of Gdańsk reached 34 µgC dm -3 . Similarly, in June 1983 and 1984, in the same place, Kopacz & Witek (1987) found ciliate biomass alone amounting to approximately 20 µgC dm -3 . Both values correspond well with protozoan biomasses found at stations E52A and E64 in this study. In the case of the deep stations (P63, G2, P110), protozoan biomass in the near-bottom zone is comparable to results reported elsewhere (e.g. Setälä 1991) .
In well-oxygenated waters almost half of the protozoan biomass was contributed by heterotrophic flagellates. In the surface waters of the Pomeranian Bay, such flagellates composed about 30% of the protozoan biomass (Wrzesińska-Kwiecień & Mackiewicz 1995 -data recalculated with use of the same biomass coefficient). Arndt (1991) found similar results, with one third of protozoan biomass contributed by heterotrophic nanoflagellates, for (mainly surface) waters of the Baltic Sea.
Heterotrophic dinoflagellates turned out to be more important (in the case of biomass) than ciliates. Typically, in marine and oceanic waters, biomasses of ciliates and heterotrophic dinoflagellates are balanced (Sherr & Sherr 2002) . This is also the case for the Baltic Sea (Arndt 1991) . In June in the Kiel Bight (Smetaček 1981, mean annual biomasses) Witek (1995) . This study also demonstrated the prevalence of heterotrophic dinoflagellates in the near-bottom zone. The exception was observed in the Gdańsk Deep (station G2, oxygen depleted near-bottom zone) where dinoflagellates were not observed. Fenchel and collaborators (1990) did not observe dinoflagellates under anoxic conditions either, however they did observe dinoflagellates Gyrodinium sp. within the oxycline in the Mariager Fjord (Denmark).
All organisms noted in this work have previously been observed in the Gulf of Gdańsk (Mackiewicz 1991 , Bralewska & Witek 1995 , Witek 1995 , Witek 1998 . At shallow stations protozoan communities of the near-bottom zone resemble ones observed in the euphotic zone. At deeper stations protozoan communities were more specific. The strongest diversity was observed within ciliates. Large (about 40-50 µm) oligotrichs (like those reported from deep, oxygenated stations P63 and P110) are typically observed in the euphotic zone during spring and autumn. Later, at the end of June and beginning of July, they become rare because of stronger grazing pressure by metazooplankton (Arndt 1991) . In deep waters such grazing pressure is low. Ciliates from the genus Strobilidium spp. could be observed in deep waters even when they were not present on the surface. Other large protozoa observed at deep stations were Prorodon-like ciliates. Setälä (1991) attributes their occurrence to oxycline. Indeed, their abundance observed at station P63 (2.6-4.3 cm 3 O2 dm -3 ) was higher than at P110 (4.7-6.9 cm 3 O2 dm -3 ). The presence of scuticociliates close to the oxycline is also typical (e.g. Fenchel et al. 1990 , Setälä & Kivi 2003 . At sites P63 and P110 some benthic (hypotrichs, karyorelictids) organisms were recorded. They moved to pelagic water after the oxygen conditions in sediments had worsened (Fenchel 1969) . In the fully-developed anoxic zone (G2) they were not observed. Close to the mouth of the Vistula River, Tintinnopsis parvula dominated among ciliates. Witek (1998) mentioned that tintinnid showed elevated abundance at shallow stations in the Gulf of Gdańsk. Others (Suzuki & Taniguchi 1998 , Urrutxurtu 2003 attributed their high abundance to estuaries and high chlorophyll concentrations. In fact, the concentration of chlorophyll at E52A was the highest among all stations studied. In addition, coupling of Tintinnopsis parvula with primary production in the euphotic zone was confirmed by the decreasing abundance of T. parvula with depth.
As mentioned before, only flagellates larger than 8 µm were identified, thus their diversity was not fully recognized and they were underrepresented during generic diversity analysis. Among heterotrophic dinoflagellates common taxons were recorded with lesser diversity than in the case of ciliates.
CONCLUSIONS
The highest biomass of heterotrophic protists (protozoa) was observed in the inner Gulf of Gdańsk and close to the mouth of the Vistula River. Offshore, protozoan biomass decreased. In welloxygenated waters the contribution of the protozoan groups to overall protozoan biomass were quite stable. A high percentage of heterotrophic dinoflagellates confirmed that high abundance of heterotrophic dinoflagellates is a distinct feature of the Gulf of Gdańsk. In anoxic waters ciliates dominated.
At shallow stations protozoan communities consisted of organisms that were also frequently reported from the euphotic zone. At deeper stations protozoan communities were more specific, consisting primarily of large ciliates. Protozoan biomass in the oxygen-depleted near-bottom zone of the Gdańsk Deep was no lower than at adjacent, offshore stations. Near the mouth of the Vistula River an elevated abundance of Tintinnopsis parvula was recorded.
